Objective: The objective of these guidelines is to evaluate existing treatments for patients with high-risk myelodysplastic syndromes.
Introduction
For high-risk patients, treatment objectives are to delay disease progression and prolong survival. Thus, treatment * Corresponding author. E-mail address: silviamm@ufc.br (S.M. Magalhães). strategies are influenced by age and comorbidities. Myelodysplastic syndromes (MDS) are the result of a multi-step process including changes in epigenetic mechanisms, such as in DNA methylation. Within this rational, hypomethylating drugs are potential pharmacological agents. Two drugs, decitabine and 5-azacytidine (5-aza), have been extensively studied in the treatment of high-risk MDS. 1 
5-Azacitidine
5-Aza is a nucleoside analog with antitumor action. Its reduced metabolites inhibit DNA methyltransferase, the enzyme responsible for methylation during DNA synthesis, resulting in the synthesis of hypomethylated DNA with consequent changes in transcription and gene expression. One hundred and ninety-one patients with MDS received either 5-aza (75 mg/m 2 /day subcutaneously for 7 days every 28 days) or clinical support. Responses were achieved in 60% of patients who received 5-aza (7% complete response, 16% partial and 37% improvement in hematological parameters) compared to 5% (improvement) in those who received clinical support (p-value < 0.001). The median time to leukemic transformation or death was 21 months for the 5-aza group vs. 13 months for clinical support (p-value = 0.007). Survival analysis using 6 months as the cutoff point (comparing patients randomized to receive 5-aza with those who started 5-aza treatment after less than 6 months of clinical support and those who remained in the clinical support group or started 5-aza treatment after 6 months) found that the median survival was 18, 14 and 11 months, respectively. Patients treated with 5-aza had a better overall survival (OS) compared to the group who received support alone (p-value = 0.003). Transformation to acute myeloid leukemia (AML) occurred as the first event in 15% of the patients in the 5-aza group and in 38% of those who received support (p-value = 0.001) 1 (A).
In another study, 358 patients with high-risk MDS were randomly assigned to receive conventional treatment (clinical support, low doses of cytarabine or chemotherapy) or 5-aza (75 mg/m 2 for 7 days subcutaneously every 28 days for at least six cycles). After a median follow-up of 21.1 months, the median OS was 24.5 months in the 5-aza group compared to 15 months in the conventional treatment group (p-value = 0.0001); after 2 years of follow-up, the OS was 50.8 and 26.2%, respectively (p-value < 0.0001). OS was better with 5-aza for all cytogenetic subtypes, especially for patients with -7/7q-. The mean time of progression to AML was 17.8 months for the 5-aza group compared to 11.5 months for the conventional treatment group (p-value < 0.0001). The proportion of patients with complete and partial remission was significantly higher in the 5-aza group (29%) than in the conventional treatment group (12%). There was a better rate of transfusion independence (45% vs 11%; p-value < 0.0001) and reduction to 33% for the need for intravenous antibiotics in the 5-aza group compared to the best conventional treatment group 2 (A).
Decitabine
Decitabine (5-aza-2 -deoxycytidine) indirectly depletes methylcytosine, leading to hypomethylation of target promoter genes. It was approved for patients with or without previous treatment for de novo MDS or secondary MDS, in all French-American-British (FAB) subtypes and for intermediate, high-risk and very high-risk disease according to the revised international prognostic scoring system (IPSS-R).
In an open, randomized 1:1 multicenter study in the USA and Canada, 170 MDS patients were randomized for decitabine (15 mg/m 2 IV) for 3 h every 8 h for 3 days (135 mg/m 2 dose per cycle) repeated every 6 weeks or the best supportive treatment. According to the International Working Group (IWG) 2006 criteria, there was a better response rate (17%) including complete response (9%) in the decitabine group (p-value < 0.001). The median response time of 10.3 months was associated with transfusion independence. Intermediate-2 and high-risk patients (IPSS) presented greater OS than the group that received supportive treatment (12 months vs. 6.8 months;
p-value = 0.03). There was also a higher rate of cytogenetic remission (35% vs. 10%) and hematological improvement (30% vs. 7%) 3 
(A).
In a randomized trial, decitabine was compared to the best supportive care by the European Organization for Research and Treatment of Cancer Leukemia Group and the German MDS Study Group. This trial included 233 patients with intermediate-2 or high-risk MDS according to the IPSS, who were aged 60 years or older and ineligible for chemotherapy. Decitabine was infused at the dose of 15 mg/m 2 for 4 h, 3 times a day, for 5 days with this cycle being repeated every 6 weeks. OS was 10.1 months for the decitabine group and 8.5 months for the support group (p-value = 0.38), with a lower rate of leukemic transformation in the first group (22% vs. 33%; pvalue = 0.036). There were better response (13% vs. 0%), partial response (6% vs. 0%) and hematologic improvement rates (15% vs. 2%) and higher rates of grade 3 and 4 febrile neutropenia (22% vs. 7%) in the group treated with decitabine 4 (A).
Thirty-seven patients with intermediate-or high-risk MDS (IPSS) received 15-20 mg/m 2 of intravenous decitabine given for 1 h daily for 5 days every 4 weeks. Patients receiving the 20 mg dose (n = 34) had more grade 3 or higher nonhematological toxicity, including cerebral infarction (n = 1) and subdural hematoma (n = 1). Myelosuppression was frequent, and 17 patients received granulocyte colony-stimulating factor (G-CSF). One patient had grade 4 neutropenia and was excluded from the study. Of the 37 patients, complete response, partial response, complete bone marrow response and hematological improvement as defined by the IWG 2006 criteria 5 (D) were observed in seven (18.9%), three (8.1%), two (5.4%) and four (10.8%) patients, respectively. At baseline, the percentage of transfusion-independent patients was 26%; after five treatment cycles, this percentage increased to 41% of patients. The 2-year leukemia-free survival rate was 52% 6 (B).
A randomized study compared 77 patients with advanced stages of MDS and 18 patients with chronic myelomonocytic leukemia taking three different treatment regimens with decitabine: 20 mg/m 2 intravenously daily for 5 days, 20 mg/m 2 subcutaneously daily for 5 days and 10 mg/m 2 intravenously daily for 10 days. The first scheme was chosen as optimal, leading to the highest complete response rate (39% vs. 21% vs. 24%, respectively; p-value < 0.05) 7 
A meta-analysis of 11 studies and 1392 patients was performed to compare the efficacy, toxicity and survival after azacitidine and decitabine treatment. Partial response and hematologic improvement were significantly better with azacitidine. When compared to supportive therapy, only azacitidine was able to show improvements in OS and time of progression to leukemia. There was no difference between the two drugs with respect to complete response, transfusion independence or grade 3 and 4 hematological toxicity. Especially for over 75-year-old, high-risk patients, azacitidine is recommended as the first line treatment as it induces a better overall response and longer survival 8 
(B).
In a study of prognostic predictors of the response to azacitidine involving 282 high-risk patients, performance status, unfavorable cytogenetics, presence of peripheral blood blasts and transfusion dependence were identified as independent adverse risk factors 9 
Only retrospective studies with small numbers of cases aimed to evaluate the possible benefit of sequential treatment using hypomethylating drugs to treat high-risk MDS.
Decitabine plus thalidomide
The efficacy of the combination of thalidomide and decitabine was evaluated in a randomized study. Thalidomide is a lowcost drug with broad immunomodulatory effects, such as downregulation of tumor necrosis factor alpha, upregulation of adhesion molecules and inhibition of angiogenesis.
Seventy-five high-risk IPSS patients received thalidomide plus decitabine or decitabine alone. Overall, 2-year survival for the first group was higher than for the second (50.6% vs. 40.2%; p-value < 0.05). Overall response, complete and partial response, AML-free survival and side effects did not present any statistically significant differences between the two groups 10 (B).
Recommendations for use of hypomethylating agents
Compared to conventional therapies, treatment with 5-azacidadine prolongs OS and decreases the risk of progression to AML in patients with high-risk MDS. Decitabine increases the response rate and transfusion independence and reduces the risk of leukemic transformation when compared to supportive treatment. Studies are inconsistent about the improvement in OS.
Thalidomide associated with decitabine increases OS compared to decitabine alone. Overall, complete and partial response rates, AML-free survival and side effects are not significantly different between thalidomide associated with decitabine and decitabine alone.
Low-dose chemotherapy
Low doses of cytarabine (Ara-C) and oral melphalan have been used in patients with MDS.
In a randomized, phase III study, 141 MDS patients were randomized to receive low doses of Ara-C (10 mg/m 2 twice daily subcutaneously) or supportive therapy. There was no difference in OS or time of progression to AML. There was a higher rate of infection and greater transfusion independence in the group treated with Ara-C 11 (A).
Two non-randomized studies with a small number of patients with MDS or AML treated with low doses of melphalan (2 mg/day orally) showed a complete response rate of around 30%; in one study, the median response was 14.5 months 12,13 (B).
Intensive chemotherapy
One study randomized high-risk MDS patients to receive conventional therapy (clinical support, low doses of cytarabine or chemotherapy) or 5-aza (75 mg/m 2 for 7 days every 28 days for at least six cycles). The results failed to demonstrate differences in the survival of patients treated with chemotherapy or 5-aza, probably because of the small number of patients who participated 2 
(A).
A retrospective study compared intensive chemotherapy or decitabine therapy in MDS matched according to risk calculated by the IPSS. Patients showed a higher OS and a lower mortality rate after induction with decitabine 14 (B).
Other studies using polychemotherapy regimens similar to those used for AML were tested but not in the form of randomized trials. Multiple chemotherapy regimens (topotecan-cytarabine, idarubicin-cytarabine and cyclophosphamide and fludarabine-cytarabine) used in a study of 510 patients with high-risk MDS had a complete response rate of 55%, induction mortality of 17% and survival rate of 8% in 5 years. Younger patients with normal karyotypes had a better overall response and the topotecan scheme had the lowest rate of complications 15 (B) .
The FLAG regimen (fludarabine, high-dose cytarabine and G-CSF) was used in 42 patients with MDS (refractory anemia with excess blasts and refractory anemia with excess blasts in transformation) resulting in a complete remission rate of 74%, induction-related death of 9% and resistance of 17% with a median remission duration of 13 months. The presence of complex karyotypes conferred a worse response 16 
(B).

Hematopoietic stem-cell transplantation
Allogeneic hematopoietic stem-cell transplantation (HSCT) is the only curative modality for MDS. The results are quite diverse in relation to disease-free survival (30-50%), treatment-related mortality (37-68%) and relapse (24-58%) in respect to the different modalities (related, unrelated, myeloablative or reduced intensity) and the different sources of cells (bone marrow, peripheral blood) performed at various stages of the disease, with or without previous treatments and in different centers. Therefore, less than half of the patients are cured. The treatment fails in most cases due to treatment-related mortality (TRM) and, currently, mainly due to relapse of the disease. Factors that affect treatment failure are related to the disease (percentage of blasts, cytopenias, bone marrow fibrosis, cytogenetics and mutations that are mainly related to relapse), to the patient (age, performance status, comorbidities, and transfusion dependence with a significant impact on TRM) and to factors related to transplantation that affect both relapse and TRM. A prognostic score system for the evolution of patients submitted to allogeneic transplantation in MDS was recently proposed based on the analysis of 2173 patients 17 
(B).
A randomized phase III study compared the results of allogeneic vs. autologous HSCT and chemotherapy in patients with MDS (intermediate-1, intermediate-2, highrisk IPSS) or AML secondary to MDS. This study analyzed 168 patients who achieved complete remission after one cycle of chemotherapy. Those who had compatible human leukocyte antigen (HLA) siblings were referred for allogeneic HSCT after one cycle of consolidation chemotherapy. Patients without donors who had achieved complete remission after the consolidation regimen were randomly assigned to a second course of consolidation or autologous HSCT with peripheral blood hematopoietic stem cells. Having an HLA-compatible donor resulted in better disease-free survival in patients with intermediate or poor cytogenetic characteristics, whereas no significant difference was observed between patients with or without donors in a low-risk cytogenetic category. Autologous transplantation did not improve survival compared to intensive chemotherapy 18 (A).
The intensity of the myeloablative or reduced-intensity conditioning regimen was studied in two prospective randomized clinical trials. One was interrupted early due to the high incidence of relapse in the reduced-intensity conditioning group 19 (B) .
In the second study, conducted by the European Society of Bone Marrow Transplantation (EBMT) in 129 patients, no significant differences were observed for TRM or relapse between the arms 20 (B). HLA-identical related transplantations are still the best option.
More recently, on analyzing 1728 patients using the IPSS-R and the "continuous-time multi-state model", one study reported a better life expectancy for patients whose HSCT was delayed from low-risk categories to intermediate-risk in younger patients and in those who had hypomethylated DNA before transplantation 21 
A consensus of recommendations for allogeneic transplantation in MDS was published by the EBMT and LeukemiaNet 22 (D).
Recommendations
In the absence of randomized studies, the use of chemotherapeutic agents of AML-like regimens is suggested for under 65-year-old MDS patients with more than 10% of blasts and good prognosis cytogenetics, who are candidates for treatment intensification with allogeneic HSCT. Disease risk score and presence of comorbidities are recognized as relevant clinical variables for HSCT eligibility. Fit patients with higher-risk IPSS-R and those with lower-risk IPSS-R with poor-risk genetic features, profound cytopenias and high transfusion burden are candidates for HSCT. Patients with a very high MDS transplantation risk score have little chance of cure with standard HSCT. For patients with contraindications for high-intensity conditioning regimens, reduced intensity conditioning should be considered.
